ABSTRACT
INTRODUCTION

55
The epigenome describes the potential for additional heritable information that can be passed 56 on through mitosis or meiosis (Hofmeister et al. 2017) . DNA methylation is one molecular 57 mechanism that can provide epigenetic information. There is interest in the potential for cryptic expressed genes. Detailed analysis was restricted to genes with consistent DE calls in at least two mutant contrasts in the same pathway (RdDM or CMT). Genes were considered expressed 163 if at least 3 replicates in the libraries described had an RPM (reads per million) value > 1. B73v4 (Jiao et al. 2017 ) TE annotation was modified to remove 166 helitrons and the file was resolved using RTrackLayer in R so that each base of the genome 167 was assigned to only a single TE. Exon regions were masked from the TE file using Bedtools
TE expression analysis:
168
(Quinlan and Hall 2010) subtract. Gene annotations were added to this modified TE annotation 169 file, and mapped reads were assigned to features using HTSeq (Anders et al. 2015) . A custom 9 was enriched using PCR amplification. Library quality was checked using the Agilent Bioanalyzer. Library quantification was performed with qPCR before sequencing. Sequencing 189 was performed on HiSeq2000 with paired end 100 cycles.
190
Analysis was performed as previously described (Li et al. 2015a; Song et al. 2016) . Read quality was checked with FASTQC, adapters and low-quality bases at the 3' end of each read were trimmed using Trim_glore. The high quality reads were mapped to B73 V4 genome (Jiao et al. 193 2017) using BSMAP (Xi and Li 2009) 
210
Data availability: All data used in this study are deposited at the NCBI Sequence Read Archive
Alteration of gene and transposon expression in maize mutants with perturbed
in genes encoding CMT (this study) or RdDM components (Gent et al. 2014; Li et al. 2015b) .
218
Together these factors are expected to be responsible for the majority of CHG and CHH 219 methylation in the maize genome. For CMT genes, three biological replicates of seedling leaf 220 tissue were profiled for mutations in two different genes, with multiple alleles utilized for one of 221 the genes (Table S1 ). In addition, for the RdDM genes we analyzed seedling leaf tissue for 222 mop1 and mop3 (Li et al. 2015b) , along with immature ear tissue for mop1 (Gent et al. 2014) .
223
The genetic background, read number and accession information for each sample is provided in 224 Table S1 .
226
The expression of individual genes was estimated from the RNAseq data for each sample.
227
Differentially expressed (DE) genes in each mutant line (relative to the appropriate control) were 228 identified using DESeq2 followed by a requirement for a minimum of 2 fold-change and an FDR 229 value of less than 0.05 (Table S2 ). The observed differences in gene expression in the mutant 230 lines could be direct effects of the mutation on expression, indirect effects caused by direct 231 targets, or could be the result of introgressions of linked loci that contain cis-regulatory variation.
232
The number of genes in each 2 Mb bin with differential expression was assessed throughout the 233 genome ( Figure S1 ). For mutations that were identified in one background and then 234 backcrossed into another background (zmet2-m1, zmet2-m2, zmet5, mop1) , there were often a 235 cluster of DE genes surrounding the locus of the mutation itself. These regions often included 236 similar numbers of up-and down-regulated genes. For the other mutation (mop3) that was not the mutation in subsequent analyses.
background, as demonstrated, respectively, by the relatively larger differences for mop1-ear and 
279
There is a significant overlap in the number of genes and TEs that exhibit consistent changes in 280 gene expression in at least two samples of CMT mutants (zmet2-m1/zmet2-m2/zmet5) or RdDM 281 mutants (mop1/mop3) ( Figure S3 ). In order to understand the reproducible effects of these 282 pathways on expression, we focused our analyses on the set of 237 genes and 104 TE families 
298
Some genes that are up-regulated in CMT mutants exhibit high CHG methylation levels:
299
The differential expression observed in each mutant background could result from direct 300 changes in DNA methylation or chromatin at these loci or could result from indirect effects due 301 to secondary effects from genes that are direct targets. Given that many of these mutants are 302 expected to affect DNA methylation levels, we might expect that wild-type plants would contain 303 high levels of DNA methylation for genes that exhibit increased expression in the mutants. The 304 context-specific DNA methylation profiles were assessed in wild-type B73 for genes that were (Table S2) . We proceeded to assess whether naturally variable DMRs were more 365 prevalent near genes that exhibit altered expression in CMT or RdDM mutants ( Figure 3A) . have pre-existing natural variation for DNA methylation that would affect expression levels in 373 maize populations. RNAseq data from leaf tissue for ten of the inbred lines with WGBS data 374 was utilized to determine whether there was a significant association (p.value < 0.05, pearson 375 correlation) between context-specific methylation level at the DMR and gene expression levels.
376
We found that nearly 50% of the genes that exhibit altered expression in CMT or RdDM mutants 
382
In one group of lines, including B73, the DMR is highly methylated and the gene is 383 transcriptionally silent. In the other group of genotypes (and in B73 zmet2-m1 mutant lines -384 blue dots) the DMR has low methylation and the gene is expressed. Although we were 385 interested in performing a similar analysis for natural variation in TE methylation and expression
386
we were not able to assess this due to the highly polymorphic nature of TEs among different 387 maize lines and the lack of de novo assemblies for other genotypes.
389
Properties of TEs with altered expression:
390
There are 104 TE families with altered expression in mutants that perturb RdDM or CMT 391 components in maize. These included 32 families up-and 7 families down-regulated in at least two contrasts of CMT mutants ( Figure 1D ). There are examples of both class I (specifically Long ( Figure 4B ). The relative age of the LTR families that have altered expression was assessed to 398 determine if they were particularly young or old families ( Figure 4C) 
406
RdDM mutants do have a slightly lower GC content on average, though it is not clear if this 407 change alone is sufficient to cause the expression changes ( Figure 4D ).
409
We sought to further document the properties of these TE families through analysis of their locus. In this study we elected to primarily focus on TE families rather than individual elements 506 and we utilized an approach that allowed for the combined use of unique and multiple-mapping 507 reads to assess TE family expression. We did find evidence that a number of TE families 508 require RdDM and/or CMT for silencing. There were few distinguishing features about these
509
TEs relative to others making it unclear why the silencing of these families was easily released 510 in these mutants. For several families we were able to document evidence for specific release of 511 silencing of a single member of the family while in other cases we found that multiple members 512 of the same family were reactivated.
514
This study defines a set of genes and TE families that are regulated by DNA methylation. The 515 silencing of these genes and TEs relies solely upon RdDM or CMT based epigenetic regulation.
516
These loci provide important insights into the mechanisms that allow for epigenetic regulation 
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The black bar shows the proportion of all genes with a mCHH island while the other bars show 704 the proportion of genes with altered expression in specific mutant backgrounds that have mCHH 705 islands, and * denotes significantly higher proportion than expected relative to all genes (p-val < 
Expression in zmet2-m1
Expression in zmet2-m1 Table S1 : Complete list of datasets used in this study. 
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